Abstract: Background. Health Professional Shortage Areas (HPSA) receive extra federal resources, but recent reports suggest that HPSA may not consistently identify areas of need. Purpose. To assess areas of need based on county-level ischemic heart disease (IHD) and stroke mortality regions. Methods. Need was defined by lack of awareness, treatment, or control of hypertension, diabetes, or hyperlipidemia. Counties were categorized into racespecific tertiles of IHD and stroke mortality using 1999-2006 CDC data. Multivariable logistic regression was used to model the relationships between IHD and stroke mortality region and each element of need. results. Awareness and treatment of cardiovascular (CVD) risk factors were similar for residents in counties across IHD and stroke mortality tertiles, but control tended to be lower in counties with the highest mortality. Conclusions. High stroke and IHD mortality identify distinct regions from current HPSA designations, and may be an additional criterion for designating areas of need.
C ardiovascular disease (CVD) remains the leading cause of mortality in the U.S. in men and women of every major ethnic group. 1 Approximately 13 million individuals have a history of coronary artery disease and 7.2 million have suffered a myocardial infarction. 1 Elkins et al. reported that if recent trends in ischemic stroke mortality continue, increases in U.S. stroke deaths will outpace overall population growth, with a doubling in such mortality over the next 30 years. 2 While there has been an overall decline in the incidence of these diseases in the last few decades, [3] [4] the rate of this decline has differed by race, sex and age. [4] [5] [6] Furthermore, this decline has not occurred in every part of the U.S. or among people in all socioeconomic strata. [7] [8] Reports indicate that an important reason for these observed disparities may lie in disparities in access to [9] [10] and the quality of health care. [11] [12] In an effort to address such disparities, the U.S. Health Resources and Services Administration (HRSA) designates Health Professional Shortage Areas (HPSAs) for special resource allocations. 13 An HPSA designation involves a complex process that factors in ratio of providers to patients in the geographic area; underserved population groups that share common cultures or socio-demographic uniqueness (e.g., migrant farmworkers, low-income populations and Alaska Natives); and health care facilities which provide primary medical services to a geographic or population group (e.g., health centers, correctional institutions).
14 Many federally funded programs such as the National Health Service Corps (NHSC) Scholarship Programs, NHSC Loan Repayment Program, Exchange Visitor Program, Medicare and Conrad State 30 Program use HPSA designations to allocate their program's benefits or resources to targeted areas or groups, 13 providing an additional incentive for areas or facilities to seek HPSA designation.
Health Professional Shortage Area designation is not permanent, and each year, the Department of Health and Human Services (HHS) is required by law to update and publish a list of newly designated HPSAs and indicate those entities that no longer have the designation. 14 Unfortunately, this annual reassessment requirement has not been consistently met.
14 Furthermore, published reports express concerns about using HPSA designation as currently construed to deploy scarce resources rationally. 15 For example, the HPSA methodology may overstate the need for additional primary care providers. In the past, the HPSA methodology underestimated the number of available primary care physicians already providing services in shortage areas.
14 Additionally, the current application process favors those states or agencies that have the skills and experience to complete and submit a HPSA designation request.
14 For these reasons, the current approach for designation of HPSAs may not be a sufficient and comprehensive approach for judicious deployment of human and material resources 16 if the second goal of Healthy People 2020 is to be achieved, namely, to achieve health equity, eliminate health disparities, and improve health for all groups. 17 As part of the process for designating areas of health manpower need, it may be worth exploring the readily available and objective yardstick of county level mortality rates. For example, ischemic heart disease (IHD) and stroke mortality rates are likely to be influenced by county residents' control of important CVD risk factors such as hypertension, diabetes and hyperlipidemia, which require chronic disease management by the area's health professionals.
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would have lower levels of awareness, treatment, and control of hypertension, diabetes, and hyperlipidemia compared to those living in areas with lower IHD or stroke mortality. We contrast these findings with our past work examining these same risk factors by HPSA designation at the county level, which found little evidence of need, as defined by risk factor control, in HPSA vs. non-HPSA areas.
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Methods
Study design and participants. The goals and design of the REGARDS study have been described elsewhere. 20 Briefly, the REGARDS participants included 30,239 communitydwelling adults aged 45 years and older at baseline. Enrollment began in January 2003 and was completed in October 2007. Individuals were recruited from commercially available lists using a combination of telephone and mail contacts. Of individuals contacted and for whom eligibility could be confirmed, 49% agreed to participate. Using sampling weights, sub-populations were over-sampled, resulting in a cohort that was 42% African American and 55% female. Incentives included test results after an in-home visit and $30. Written informed consent was obtained. Participants are being followed by telephone interview every six months to detect potential study outcomes, which are later confirmed using medical record review procedures. Only baseline data were used in the current study. The Institutional Review Board of the University of Alabama at Birmingham and other participating centers approved the study methods prior to its commencement.
Study instruments and data collection. A computer-assisted telephone interview (CATI) was used to obtain socio-demographic and economic characteristics, past medical history, and measures of quality of life. During an in-home visit performed approximately three to four weeks after the telephone interview, health professionals obtained standardized physical measures such as participant's weight, height, blood pressure, and a resting electrocardiography (ECG), phlebotomy, and urine collection. During the in-home visit, as well, all prescription and over-the-counter medications were recorded.
Definition of variables. Outcome variables. Hypertension was defined as having a blood pressure $140/90 mmHg ($130/80mmHg if the participant also had diabetes or chronic kidney disease, defined as estimated glomerular filtration rate [eGFR] ,60 ml/ min/1.73m 2 ), 21 report of being told by a doctor or nurse they had hypertension or selfreported history of taking medication for hypertension. Diabetes was defined as a fasting blood sugar $126 mg/dL, having been told by a doctor or nurse they had diabetes, or treatment with a diabetes medication. Hyperlipidemia was defined as low-density lipoprotein .130 mg/dL, having been told by a doctor or nurse they had high cholesterol, or treatment with a cholesterol-lowering medication. Awareness about disease was defined as the participant reporting that he/she had been told by a doctor or nurse that they had hypertension, diabetes, or hyperlipidemia, or treatment of these disorders with medications. The proportion who were aware of their condition was the number aware divided by the number who met the disease definition. Treatment was defined as taking medication to treat the respective diseases. The proportion treated was defined as those taking medications divided by those aware of their condition. Control was 906 Reasons for geographic and racial differences in stroke based on having blood pressure, plasma glucose, and low-density lipoproteins below the cut points defined above. The proportion controlled was defined as the number controlled (by medication) divided by those treated for their condition.
Covariates from REGARDS data. Sociodemographic characteristics included age, sex, race, income, education, and insurance status. Age was categorized into 10-year intervals of 45-54, 55-64, 65-74, 75-84, and 85 years or older; race was self-reported as either African American or European American; educational attainment was categorized as less than high school, high school, some college, and college or more; and annual household income was grouped as less than $25,000, $25,000-$50,000, and more than $50,000. Insurance status was broadly classified as having or not having any type of insurance. We included body mass index (BMI), categorized as below 24.9kg/m 2 , 25-29.9kg/m 2 , and 30kg/m 2 or above. Health behaviors included physical activity, alcohol intake, and medication adherence. For exercise, participants were asked about frequency of their exercise in a week, with responses categorized into none, one to three per week, and four or more per week. Smoking was categorized as currently smoking, past smoking (but not currently), or never smoking. Alcohol consumption was categorized as currently consuming alcohol or not. Medication adherence was assessed using the validated four-item Morisky scale, with any yes response categorizing the participant as nonadherent. 22 Ischemic heart disease and stroke mortality data. The main exposure of interest was the participant's county of residence by tertile of IHD or stroke mortality (low, medium, or high). Mortality data were taken from the Centers for Disease Control Wonder system, a publicly available resource which provides overall and disease-specific mortality rates at the county level, by age groups and by race. Causes of death are based on death certificates. For this analysis, we used county-level IHD and stroke mortality rates from 1999-2006 for individuals age 45 and over. [23] [24] Since African American and European American mortality tertile designations were not strongly correlated, each county with a REGARDS participant was categorized into race-specific tertiles of IHD and, separately, stroke mortality ( Figure 1 ).
HPSA and urban/rural designation. HPSA designation was based on populationto-Primary Care Physician Ratio, percent of the population with incomes below the poverty level, infant mortality rate or low birth weight rate (whichever score was higher), and travel time or distance to nearest available source of care (whichever scored more highly). [25] [26] Health Professional Shortage Area status is publically available on the HRSA web site. 25 We classified the counties with REGARDS participants into those that were designated as HPSAs, partial HPSAs and non-HPSAs in 2009 ( Figure 2 ). Partial HPSA designation occurs because entities such as hospitals may receive HPSA designation, but the county in which they are situated may not. As in past reports on HPSA status, counties with partial HPSA status were excluded from analysis. 27 The rurality of the county was based on criteria set by the U.S. Census Bureau and available through HRSA along with the HPSA designation. 28 We defined rural as a county that is 25% or less urban; urban as those that are 75% or more urban; and mixed counties as 25%-75% urban.
Statistical analysis. Bivariate analyses were conducted to test the statistical significance of the association between each covariate and each of the outcome measures, 907 Shuaib, Durant, Parmar, Brown, Roth, Hovater, et al. as defined above. Multivariable logistic regression analysis was used to investigate the association between county IHD mortality tertile, and, separately, stroke mortality tertile and each element of need (awareness, treatment and control of hypertension, diabetes and hyperlipidemia, as defined above). Variables such as socio-demographic characteristics and health behaviors that were statistically significant at p,.05 on bivariate analysis and those known to be associated with IHD and stroke mortality based on extant literature were incorporated into models. 29 Nine separate models were fit for IHD mortality tertiles, and nine additional models were fit for stroke mortality tertiles. Race-stratified tertiles were matched to the race of each patient in these models. 908 Reasons for geographic and racial differences in stroke Multi-level regression models were also used to account for clustering at the county level. Crude and fully adjusted odds ratios (ORs) and their 95% confidence intervals (CIs) are reported. Spearman's rank correlation was used to determine the correlation between high IHD/stroke mortality areas and HPSAs. Data were analyzed using SAS software version 9.2 (SAS Institute, Cary, NC).
results
Although we assessed the association between IHD or stroke mortality and the cardiovascular risk factors, using multi-level models did not show significant variation at the level of the counties. For ease of interpretation, the results of the individual level analyses are shown below.
The characteristics of participants included in the analysis are shown in Table 1 . Age and sex distributions in low and high mortality counties were largely similar. There was an overall pattern for a greater proportion of individuals with risk factors in high vs. low mortality counties, but the differences, if present, were modest. There was a tendency for high IHD and stroke mortality counties to have higher proportions of participants living in HPSA areas (17.2% vs. 11.1% and 14.6% vs. 8.3% respectively). The rural-urban difference in mortality risk was strikingly greater for stroke than for IHD (15.2% vs. 30.5%, and 22.2% vs. 25.4% respectively). Figure 1 shows maps of the U.S. with 1,821 counties categorized into IHD and stroke mortality tertiles, by race (Panels A and B, respectively). The counties in the highest IHD mortality tertile form a crescent-like band stretching from the Northeast toward Texas, and hooking up into New Mexico, southern California and southwestern Nevada. The correlation between African American and European American county-level tertile was moderate (Spearman's r50.56; p,.0001). For stroke, in European Americans, the highest mortality tertile counties were located in the Southeast, spreading northward (Figure 2 ), 0.04 (p5.08) and .01 (p50.58), respectively, suggesting that HPSA designation and high CVD mortality tertile identified largely distinct counties. Table 2 presents awareness, treatment, and control of hypertension, diabetes, and hyperlipidemia by high and low mortality tertiles for IHD and stroke. Overall, awareness and treatment were high except for hyperlipidemia, but control was less optimal, ranging from 36-79%. For hypertension, control was similar across tertiles of IHD mortality (58.2% in high mortality counties vs. 57.7% in the mortality counties). However, there was less control in high vs. low IHD mortality counties for diabetes (35.8 vs. 40.9%, respectively) and hyperlipidemia (76.1 vs. 79.2%, respectively). Hypertension control was slightly lower in counties in the highest vs. lowest stroke mortality tertile (57.6 vs. 58.6%, respectively), but was similar for diabetes and cholesterol. Table 3 presents the crude and adjusted odds ratios and confidence intervals for the highest vs. lowest mortality tertile, for awareness, treatment, and control of each of the three CVD risk factors (hypertension, diabetes, and hyperlipidemia), for both county-level IHD and stroke mortality. We found no statistically significant difference between awareness, treatment, or control of hypertension across counties in the IHD mortality tertiles, but the adjusted odds of control were 12% lower in the highest stroke mortality counties relative to the lowest stroke mortality counties. With respect to diabetes, we observed 26% higher unadjusted odds for treatment in the highest vs. lowest IHD mortality tertiles, but the 21% higher adjusted odds were no longer statistically significant. However, the adjusted odds for control were 21% lower in the counties in the highest vs. lowest IHD tertile, a statistically significant finding. A similar pattern for more treatment, but less control was seen in the highest vs. lowest stroke mortality counties, but this difference was not statistically significant. For participants with hyperlipidemia, awareness and treatment were not significantly associated with either IHD or stroke mortality tertile. However, compared with the lowest mortality counties, the high IHD mortality counties had 17% lower adjusted odds of control, a pattern not seen in the stroke mortality counties.
To facilitate interpretation, the predicted probabilities corresponding to these odds ratios indicate that the control differences in low vs. high IHD mortality counties for diabetes were 40% (95% CI 0. Reasons for geographic and racial differences in stroke
Discussion
The results of our study suggest that control of two CVD risk factors, namely diabetes and hyperlipidemia, was less likely in counties with high IHD mortality than in counties with low IHD mortality. Similarly, the control of hypertension, a strong risk factor for stroke, was less likely among participants living in counties of high stroke mortality compared with those living in counties of low stroke mortality. Together with our previous reports that HPSA status was inconsistently associated with 1) awareness, treatment, and control of hypertension, diabetes, and high cholesterol; and 2) indicators of quality of CVD care, [18] [19] these findings suggest that area-level CVD mortality rates may be considered as an additional criterion for designating areas of need for federal resource allocation purposes.
Diabetes mellitus and hyperlipidemia are established risk factors for IHD. [30] [31] Similarly, the literature is replete with studies that have linked hypertension with stroke. [32] [33] [34] Our finding that counties with relatively high IHD mortality also have participants with less likelihood of having controlled diabetes and hyperlipidemia is noteworthy, especially considering the variables we used to adjust the analyses. We found little evidence for a difference between high and low IHD mortality counties in terms of awareness and treatment of the aforementioned IHD risk factors, possibly reflecting the effectiveness of national and regional public health campaigns to raise awareness about disease detection. In fact, we observed a trend for more treatment in high vs. low mortality areas for some risk factors. However, controlling risk factors almost always requires regular visits to health care providers and adjustment of medications, raising the possibility that access to optimum health care may be a factor in high CVD mortality regions. This is supported by our observation of no significant differences in characteristics such as insurance and medication adherence which may have explained why control is poor despite similar levels of awareness about the disease and treatment modalities.
One potential contributor to our findings may be the greater proportion of residents in rural areas in high CVD mortality regions. Residents of rural areas have a higher risk of developing diabetes and hypertension, as well as worse control of risk factors. 35 The challenges of accessing health care in rural areas have been reported, especially for those counties with a high proportion of minority populations. [36] [37] [38] [39] Poignantly, these studies suggest that residence in a rural area contributes to limited access to health care as a result of geographic distances as well as low income and education, with reduced frequency of patient-provider contacts, reduced early and correct diagnosis and treatment, ineffectual follow-ups and hence poorer control of the disease. [40] [41] [42] [43] Specifically, individuals are less likely to have regular checkups for IHD risk factors 44 and there may be lower compliance by health care providers to standardized therapies for these diseases. 41, 45 Notably, despite the greater representation of rural residents, the majority of REGARDS participants in high IHD or stroke counties were nevertheless urban residents, suggesting that rural residence alone is unlikely to be responsible for our findings. In addition, rural residence was included in the multivariable models and did not fully explain our observations. Our finding that those participants with poor control of hypertension were likely to be living in a county in the high rather than the low stroke mortality tertile is in 917 Shuaib, Durant, Parmar, Brown, Roth, Hovater, et al.
keeping with the well-known association between hypertension and stroke (e.g., a 20/10 mm Hg increase or decrease in blood pressure is associated with a corresponding two-fold difference in the risk of stroke). 46 The low correlation between high IHD and stroke mortality counties is noteworthy given the similarity in the identified risk factors for both diseases. This observation suggests that although there are overlapping risk factors responsible for both IHD events and stroke, there are probably other distinct environmental or social factors which influence mortality from each disease. Although our analysis was at the county level, prior reports at the state level demonstrate a similar lack of correlation between stroke and IHD mortality. 47 The mis-match between the counties in the high IHD or stroke mortality tertile and HPSA counties buttresses the concern that current HPSA designation may not consistently be given to areas of need for health care service prioritization. Although steps have been taken by successive government health agencies to bridge the gap in health care access between rural and urban areas and between geographical areas and populations, our finding that areas not designated as HPSAs experienced a higher CVD mortality and also demonstrated worse control of CVD risk factors raises several issues that warrant further exploration. It is possible that HPSA designation has not consistently been provided to counties that warrant it, including many counties with high CVD mortality. By the same token, some areas that may no longer need HPSA designation may continue to have it. Given the known challenges of applying for HPSA designation by departments of health and other health organizations, and delays experienced in updating this status to reflect current health needs of the population, it is possible that the current process of HPSA designation may not be capturing the health services required by many areas or population groups.
It is worth noting that the host of characteristics we had available in our models did not explain the lower odds of control of risk factors we observed in the high mortality areas. While it is possible that residual confounding may play a role, alternative explanations for high IHD and stroke mortality regions should be sought, and are the subject of ongoing investigation in REGARDS. [48] [49] This study has several potential limitations, the most obvious being its inability to draw causal associations as a result of its cross-sectional design. Second, the use of self-reported data may introduce reporting bias. However, self-reporting of many of the variables used here has been validated. 22, [50] [51] [52] [53] Third, county level IHD and especially stroke mortality estimates may not be stable for all counties because of sparse population density. We note that infant mortality rates, one of the current criteria used for HPSA designation, are even lower than IHD mortality rates and may therefore be less stable. Another limitation of the study design is that the REGARDS population may not be representative of residents in either HPSA or non-HPSA areas, as demonstrated by the high awareness of diabetes and hypertension. It is possible that the control differences we observed in this possibly more health-conscious study population may be less than those that would be observed among more general population. Last, the study was not able to define the mechanisms that led to lower odds of risk factor control in high mortality regions. Future study of access to care and health services utilization may shed light on these important issues. 918 Reasons for geographic and racial differences in stroke In summary, we found little evidence of differences in awareness and treatment of hypertension, diabetes or high cholesterol across tertiles of IHD and stroke mortality at the county level. However, we found less control of diabetes and cholesterol in the counties in the highest IHD mortality tertile, and less control of hypertension in the counties in the highest stroke mortality tertile. Because successful control of CVD risk factors requires access to high quality medical care, these findings suggest that additional resources in these areas may be needed if the goals of the Healthy People 2020 17 objectives are to be achieved. The lack of overlap either between counties in the high IHD and stroke mortality tertile or HPSA counties suggests that county-level CVD mortality rates may be informative in making resource allocation decisions.
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